District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, prolonging the investment return period. The main scope of this paper is to assess the feasibility of using the heat demand -outdoor temperature function for heat demand forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were compared with results from a dynamic heat demand model, previously developed and validated by the authors. The results showed that when only weather change is considered, the margin of error could be acceptable for some applications (the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and improve the accuracy of heat demand estimations. 
Introduction
Located in Geneva, the cooperative housing complex "La Cigale" (2 building blocks, 13 alleys, 273 apartments, 458 residents) was built in 1952 and has a total energy reference area of 19'000 m 2 . The oil consumption of these buildings amounted to approximately 150 kWh/m 2 per year for space heating (SH) and domestic hot water (DHW) production. Between 2013 and 2014, the buildings were renovated in accordance with the Minergie-P standard; this action was the most important operation of this type in Switzerland.
The extensive renovation of the building envelope was performed on an occupied site and required the following: i) use of prefabricated façade and roof elements allowing to achieve quality exterior insulation within short intervention periods; ii) the transformation of balconies into loggias : this helps limit thermal bridges, favor passive solar gains and provide a buffer space that can be used in different seasons; iii) the installation of heat recovery on the ventilation system of each alley.
The heat production is mainly provided by a solar roof (unglazed solar collectors covering the south-east and south-west facing roof areas) coupled with a series of heat pumps (HP) using a latent heat storage (water/ice) [1] .
Heat production system

Components
The building complex has two heat production systems (one for each block, Vermont and Vidollet). Both systems are composed of brine-water HPs (Vermont + Vidollet : 200 + 300 = 500 kW, at B0W35), whose evaporators are connected to a field of selective unglazed solar collectors (650 + 1090 = 1740 m 2 ) and an ice storage (30 + 30 = 60 m 3 ). As an alternative, the solar roof also allows providing direct solar heat (without using the heat pump). In addition, a back-up gas boiler (130 + 200 = 330 kW) ensures a 100% availability of DHW and heating.
All the components are connected to a 4-temperature hydraulic bus that allows heat exchange between the heat producers and heat consumers (SH, DHW). A stratified storage tank (12 + 20 = 32 m 3 ) is connected to the extremity of the bus allowing heat storage for DHW production in the upper part, whereas the middle part serves as a buffer for the HP and the bottom part is devoted to storing low temperature solar energy.
Operating principles
The operating principles of the system are the following ( Fig. 1):  During summer, the uncovered selective collectors provide direct solar heat (without using the HP) for the production of the DHW.  In midseason, the solar roof is used in priority to regenerate the ice/water storage, i.e. melting of the ice and subsequent heating of the water up to 18°C (highest admissible temperature for the HP). Once this objective is reached, the solar roof is used for direct solar heat production. The HP provides the complementary heat by extracting the energy contained in the ice storage (which cools from 18°C down to 0°C, where the water freezes again).  At night or in the absence of sunlight, the HP ensures the production of SH and DHW by extracting the energy contained in the ice storage. If the weather conditions and temperatures permit, the solar roof is used as an exchanger on ambient heat and for regenerating the ice storage.
 In very cold weather conditions or in cases of stratus over a long period of time, the ice level in the latent storage may reach the maximum permissible. In this case the solar roof is linked directly with the HP evaporator, which starts working with negative temperatures. Due to the degraded temperature conditions, the HP can no longer satisfy the entire DHW production. In this situation, the complementary heat is produced by the back-up gas boiler. 
Monitoring results
The analysis below was obtained from detailed processing of the data from the control unit (a total of 110 + 108 = 218 sensors for Vermont + Vidollet), to which a few additional measurements were added.
Overall energy balance, Vermont building
The annual heat production and demand of the Vermont building is presented in a Sankey diagram (Fig. 2) . This assessment covers a full year extending from 1/6/2015 to 31/5/2016, which follows the first series of postconstruction adjustments (spring 2015) and ends with a second series of adjustments and optimizations (March 2016). As for the weather, this year is characterized by a climatic constraint of 3054 degree-days on a 21/15 °C basis (2474 degree-days on a 20/12 °C basis). The following observations can be made:
 The annual heat demand (66.3 kWh/m 2 ) is made up of 51% of gross DHW demand (33.8 kWh/m 2 ) and 49% of SH demand (32.5 kWh/m 2 ).  The major part of the heat production (67.3 kWh/m 2 ) is covered by indirect solar energy and HP production (53.6 kWh/m 2 , 78%), followed by direct solar energy (9.5 kWh/m 2 , 14%) and a complement by the gas boiler (5.2 kWh/m 2 , 8%).  Out of the total electricity consumption (19.2 kWh/m 2 ), the majority is used by the HP compressor (16.5 kWh/m 2 ); the remaining concerns the various circulation pumps (2.4 kWh/m 2 i.e. 58% for the HP, 4% for the direct solar energy, 4% for the boiler, 33% for the DHW and SH distribution).  The seasonal performance factor (SPF) of the heat pump amounts to 3.2 (without ancillary electricity) or 3.0 (with ancillary electricity). Thanks to the direct solar energy, the SPF of the IceSol system (HP + direct solar) amounts to 3.8 (without ancillary electricity) or 3.5 (with ancillary electricity).  Considering that the electricity used by the system is labelled as renewable, the share of renewable energy amounts to 93%, which is an excellent result. Note that this percentage would amount to 79% if the Swiss supplier electricity mix was taken [2] . Hollmuller, de Oliveira, Graf, Thiele. / Energy Procedia 00 (2017) 000-000 
Sub-systems, Vermont building
In addition to this assessment, an analysis of the sub-systems allows to note the following points (see [1] for more details):
 The net annual DHW demand (26.7 kWh/m 2 ), after storage losses, is 19% above the value observed for the Vidollet building (22.4 kWh/m 2 ) and 28% above the SIA standard (20.8 kWh/m 2 ). Although these divergences may seem at first large, it should be noted that, in general, the DHW demand varies considerably between the different alleys, and lies in average above the SIA standard. In this respect, the demand measured for the Vermont building is slightly below the observed average benchmark value of the Geneva multi-family residential building stock [3] . .  Until end of November 2015, a return air temperature over 22°C was interpreted by the control unit as related to summer overheating. During this period, the heat recovery system was partly bypassed, so that the recovery efficiency varied between 20 and 70% depending on the outside temperature. After adjustment of the set point, the efficiency increased to a constant 80%.  The preceding points show that the initial defects of the installation were mainly due to setting issues that are part of the usual management of heating systems and were not due to the innovative nature of the technology. In this regard, let us once more note the importance of adequate commissioning and monitoring of technical installations.  The HP mainly operates with a ΔT between 45 and 50 K, which is above the usual operating range of this machine. The measured COP for such a ΔT corresponds to the extrapolation of the manufacturer data, confirming correct functioning of the HP. Let us recall that this large ΔT is mainly due to the large share of DHW, with a production temperature around 50°C, whereas the SH production is between 30 and 40°C. In this respect, recalculation on the entire year of the theoretical performance for a highly efficient HP (with constant thermodynamic efficiency of 50% and without degradation at partial load nor at large ΔT values) allows a slight rise of the SPF up to 3.64 (without ancillary electricity), which corresponds to a reduction of electricity consumption of only 1.8 kWh/m 2 .  Finally, although the efficiency of the gas boiler is low (81% HCV), it must be reminded that it is only a back-up boiler. Its use remains relatively sporadic and the associated annual loss is 1.0 kWh/m 2 (1.6% of the gross heat demand of the building).
Comparison with the Vidollet building
Finally, let us mention the following points regarding the assessment of the Vidollet building:
 While the gross DHW demand (28.0 kWh/m 2 ) is approximately 20% lower than that of Vermont, the heating demand (32.2 kWh/m 2 ) is almost the same.  Concerning production, the contribution of direct solar energy is also quite similar (10.3 kWh/m 2 ). However, following a breakdown of the HP during the 2015/2016 winter (due to a leakage in the solar collector circuit), a transfer of production from HP (19.1 kWh/m 2 ) to the gas boiler (31.5 kWh/m 2 ) is observed.  The similarity of functioning/operation between both installations is also visible in the dynamics of daily values [1] . From this, it can be deduced that despite the breakdown of the Vidollet HP, both installations operate in a similar and coherent way, which attests of their reproducibility.
Simulation
Numerical model
In order to size and optimize the various components of the IceSol system, Energie Solaire SA developed a numerical simulation model, which describes, in a simplified way, the characteristics of the main components as well as the general principle of the control strategy. Developed in the form of an excel spreadsheet, it calculates on an hourly basis the possible and/or necessary inputs of the different heat sources, in order to satisfy the DHW and SH demand.
 The weather data from a nearby weather station are imported into Polysun to calculate the global radiation on the collector plane.  The collector output temperature is calculated according to the weather data using the standard characterization of unglazed collectors according to the EN 12975-2: 2006.  The operating characteristics of the HP are based on a compressor of fixed capacity, a performance coefficient determined by interpolation between 6 operating points of the manufacturer (as a function to the input temperature of the evaporator and the output temperature of the condenser), taking into account the operating limitations of the machine.  The ice storage is defined by its water volume, the heat exchanger surface, the maximum permissible thickness of the ice and an exchange coefficient that depends on the ice thickness. The heat exchange with the technical room is also taken into account.  The conventional (direct) solar heat exchanger is described by a global exchange coefficient (in W/K).  The DHW demand is based on the actual measured profile, whereas the SH demand is defined by a linear model depending on outside temperature and a SH shutdown temperature. The SH distribution temperature is calculated according to the actual heating curve.  The heat storage tank is described by a 3 node model (3 temperature levels) allowing to take into consideration the stratification and heat inputs/outputs, as well as the heat losses to the technical room.  The control strategy consists in giving priority to the regeneration of the ice storage up to 18°C. Once latter is achieved, the solar system operates in a classical way.  The amount of energy to be supplied by the back-up gas boiler is calculated in two steps. First by calculating the possible temperature supplement for the DHW production, in function of the temperature at evaporator input, then taking into account the possible lack of HP power for satisfying the demand.
Validation
Comparison between simulated and actual energy flows for heat production gives following results (Fig. 3) . On a yearly basis, the divergence between simulation and monitoring is small compared to the 66.3 kWh/m 2 of heat demand: direct solar energy (+0.1%), indirect solar energy to the HP evaporator (-1.8%), electricity for the HP compressor (-0.4%), additional heat provided by the gas boiler (-1.8%). The various monthly profiles also agree well, with the exception of the gas boiler in January, larger in reality than in the simulation. A plausible explanation could be the sporadic effect of snow during this month that reduced the exchange capacity of the collectors (not taken into account by the model, due to lack of information on snow periods in the weather data file). 
Conclusions
Taking into account the actual heat demand -which is higher than the values given in the standard -the performance of the system complies with the goals of the project: 93% of the demand is covered by direct and indirect solar energy (via the heat pump). Although the seasonal performance factor of the system remains fairly low (3.5, including ancillary electricity), this is mainly due to the important share of DHW demand (51%, with a production temperature of 50°C). Furthermore, the numerical simulation model reproduces very well the measured values, as well on yearly as on monthly basis.
